Mutants of Bacillus subtilis temperature sensitive in spore outgrowth and showing altered morphology were examined by ultrathin sectioning and electron micrgscopy. Cells from spores outgrowing at 47 O C were often spherical with incomplete ,cross-walls. Cells intersected irregularly by randomly distributed cross-walls were also .'seen. The presence of sublethal doses of the antibiotic Distamycin A restored the ability to grow as rods, but did not completely restore the capacity to synthesize cross-walls in the correct position.
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Mutants of Bacillus subtilis temperature sensitive in spore outgrowth and showing altered morphology were examined by ultrathin sectioning and electron micrgscopy. Cells from spores outgrowing at 47 O C were often spherical with incomplete ,cross-walls. Cells intersected irregularly by randomly distributed cross-walls were also .'seen. The presence of sublethal doses of the antibiotic Distamycin A restored the ability to grow as rods, but did not completely restore the capacity to synthesize cross-walls in the correct position.
I N T R O D U C T I O N
Conditional morphological mutants of Bacillus subtilis have been described (Burdett, 1979; Boylan & Mendelson, 1969; Cole et al., 1970; Rogers et al., 1968 Rogers et al., , 1970 . These mutants exhibit a rod-to-sphere shape conversion when grown under suitable conditions, e.g. low ionic strength or high temperature (45 OC). We have previously described six mutants of B. subtilis with altered morphology during spore outgrowth at 47 OC (Galizzi et al., 1973; Albertini et al., 1979) . In this report, we describe an electron microscope study of the outgrowing spores of three of these mutants. The phenotypic repair of the temperaturesensitive lesion by Distamycin A is also reported.
M E T H O D S
Bacterial strains, media and growth conditions. The strains of B. subtilis used were PB2388 (hisB2trpC2metD4gspIV-7), PB243 3 (hisBZtrpC2metD4gspIV-I I ) and PB2444 (hisB2trpC2metD4gspIV-2). These strains are temperature sensitive in spore outgrowth and are derivatives of PB1424 (hisB2 trpC2 merD4). For germination and outgrowth, heat-activated spores (70 "C for 15 min) were inoculated into nutrient broth (Difco) supplemented with 0.5% (w/v) glucose, and incubated at 35 OC or 47 OC in a rotatory water bath.
Electron microscop-v. Samples of bacteria were fixed with 1 % osmium tetroxide, embedded in agar and treated with uranyl acetate according to Ryter & Kellenberger (1958) . The agar cubes were dehydrated by passage through a graded series of ethanol concentrations to propylene oxide and embedded in Epon 8 12. Sections were cut with a glass knife on an LKB 111 ultramicrotome and placed on Formvar-coated copper grids. All sections were stained for 1 min with alkaline lead citrate. Micrographs were obtained with a Philips EM300 instrument operating at 80 kV. 
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In thin section the cells of B. subtilis mutants outgrown at the permissive temperature (35 O C ) appeared rod-shaped and similar in morphology to those of the parental strain. After 3 h incubation, elongated cells with cross-walls were present in all samples examined (Fig. 1) .
Mutant spores incubated at 47 OC did not outgrow into rod-shaped cells: instead, they formed rounded cells (Fig. 2a, b) . In many instances the cross-wall did not divide the cells into two compartments. In these cases the cells had an axial ratio (long axidshorter axis) of about unity, and thus they were, presumably, approximately spherical. Cells with abnormal and randomly situated cross-walls were also seen (Fig. 2b) , similar in appearance to those described by Cole et al. (1970) for a temperature-sensitive rod mutant of B. subtilis. The same morphology was observed for all three mutant strains examined. The mutations under scrutiny cover almost all the genetic region so far identified as responsible for spore outgrowth morphogenesis (Albertini et al., 1979) . The mutations may identify one gene, or a very few clustered genes with related functions.
The mutants described in the present paper are temperature-sensitive only during the spore outgrowth phase; vegetative cells grow normally at 47 O C . Vegetative cells of mutant PB2433 grown at 47 "C were rod-shaped and cross-wall formation was normal. No gross abnormality was detected, supporting the concept of a morphogenetic step peculiar to the outgrowth phase of the cell cycle.
We have previously reported that the gspIV mutations are phenotypically repaired by sublethal doses (less than 10 pg ml-l) of the polypeptide antibiotic Distamycin A (Siccardi et al., 1975) . The electron micrographs shown in Fig. 3 support this finding. The antibiotic had no effect on spores outgrowing at the permissive temperature (Fig. 3a) while its presence allowed formation of rods from spores incubated at 47 O C (Fig. 3b, c) . Very often the cells, although having a rod shape, still had abnormal cross-walls. Rod-shaped, multi-septate cells were common (Fig. 3 c) . Thus, the phenotypic repair previously observed is not absolute, and mainly concerns the general shape of the cell and not the regular positioning of the cross-walls. In fact Distamycin A may even 'stimulate' the production of cross-walls, as indicated by the high incidence of multi-septate cells and the presence of cross-walls in a very early stage of outgrowth.
Further investigations are required to explain the action of Distamycin A. A tentative conclusion is that the antibiotic interacts with the bacterial envelope (Mazza et al., 1973) ' interfering with the correct development and positioning of the septa.
